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The Goc_t_ S_c_ FUeI_ Ce_c_rSott_re
F.alhJeerhq_ k cmr_mdyiav_ ht _ .¢_#

#u_cm_L'" T_ reject tuu _._4_
txpcri_ Isuda¢ _ ud _ -.a tc_cbedft,.m_w

oe diesum euluh_u44m am_ FOKTR_N #y_u_nIxlnl
du+k_ ;,. m,lll+L

_om. for me plld4project _ d_id_l soheSSewith
d_ symm ,_ ud _e me Ws_m.
ex_kw_l _ d._Im mlu¢i_

Uetomumely, clutqswi _<1_t;_.meeu i_vee u
e+ uut vel ktlMy l_oxJ b)' _ r-{}RTI_AH _ail_

ss4 lmpki,mal¢idl _ _ s_ms. _e. w,¢

SIw<Lr,_(i_l kGxW.r,s _ _ hs,.ol,,,_s me me o4"
_uJ uu_l¢i_41 _ ly._rels_tthip _ni_ue_ is
_W u _ trmditi_uJ_hml_ d;-lrmm#.We ¢_n

_d_ is a trudemerk o( (k_ US G_'teme_( (^d# _o_,(
I'+_lrem Offke).

deJJls.d t_ lyl|.m _ mee( m;. #l'_t;_. u.ll'l

object-orlanted pria_ipi¢_ Th_ mult_al _k_lu is. ,_J

be_Wrve,_ul tcno,-ovem+n( over the 9nr_<_l FORTILAN

de_ilm* TI_ s,_.stemd_d beoo4edud mswd W
d_ m (W"I<)17.

I_14_ w_0¢kby dutI_¢ _utho¢_bdu

d_lilll lld hnpieme_tltk_m Tkls m mull_ in •

8tudledd_ial me pure project._''" Haw_v_, _ _
loud _¢ obJ_-_ieoted touters _ bereed
ad_mWlleOudy thrm_|b0u( Useu(_r_Ad_ m_'l_tfe llfe-
_. This _ep4f provides• dht|ll_l_ _" our
ezOerleote with Use pilo( pmj4¢l mado(btr Adl projecu
i_u) ua evo(vln8 Gi'e-¢p=lem_dok_ly ;_ c_ntinuinl

S_e_Ica(loi

Tim m_<lule_of 8,1ol_jett-<wieom<l d_s_snere
inm6ded w o+hz_u_y mO_c probkm i
um ju_ fuao_u. Therefore, pro_ee_q iau__-
wlauKl 4_i¢u fro_• m,¢mml _ _ tn

clamFlow dbqlnm_ _,"'+''` F_m u object-4r_u_

SOectr_:ecloeModel.'

_|e_ mini Reltdm55him

As _ k _o_ i_fivldwd item o4"i_t_et_ ie me
pmlWemdomtht. For ex_t_, comicler me
medfi,:a_i o_ s s15¢emsosimul_.e tl_ dy_u_ _a
_cht F._rch_ Sever_ m_l_u ck_u_a
4mlJlJl lmmedhtudy come Io mind: the m_e<:nt/t.

4_ N @b_e_8. A Jtxw:e_ut'¢milh¢ be _ • ¢_utia
oct)t(torte, lut_ece_uln (hnme_8. ea:. F.midescu also
kl_l _ IeCh es I_.e_"aft mi_ whitk
effectlvlly simple _m_tetloashitmlwith sund_rd dl_t
tumu+

The followinlila_"exlmple of the I_mmibl¢
reWti_hi_ i++m,which"slm+ce_ml't¢odtles" milht
+fit+l:

- t
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Parameierl SPACECRAFT PAR.AM_I'ER-_
Sulie ORBIT STATE

Thruscan ( THR_E |

Comvuter ON-BOARD COMPUTER

Position INERTIAL VECTOR

Valocin/ INERTIAL VECTOR

hrlmelarl THRUSTER PARAMETERS

Firin| BOOLEAN

ON-BOARD C'_ M P_._I'ER

Llles ( OI]C DATA VALUE l

This indicste_./'or in/.-acG, ihsl the "state" o( •
Ivacecraf; hi an "o¢bi¢ state" which hli • "pol;llon" end

• "velocity'. Curly brackets indicate • relallciuhio with
"zero or more" o( the bracketed entity.

The aalily-relilioaih; O diacrsm (ERD) ;- •
common ltSphic81 _ol/'or enlity-o¢_nted soeciric_ilon. 9
Filure I shows ea ERD for the •bore entit/_t. The
aotafioa for th_ dialr_un b from/v[a_ia t,,d McClure. 14

"this d/i|r•m lhowl oeiy 8 sma/I pa_ of the aureola
Droblem domain, it w_uld |row as •ddilionl/eat;feel
and rel•tioo.lh;l_i ire idded to describe addillon•l

peru of the problem 4om_a. As ella |0ecif'_:at;o.q
|r_w.i. • compkte ERD can quicidy becOma

cumberr_me. Therefore n tex(uaJ "enli(y dill/Dairy"
se_ms tO be moll ,_./'Ld u C_e primer./enlity

soe¢it"_:alio.% wRh ERD notation b¢inl • grs0hical way
to may par• of k.

I-°lO4#( -W/'rI_ON• ---4-

• w/'rN-MAN¥ "

FIGURE I OrbR _t(mu_lew Enlfly-4_Klenihlp
Ollg_sm

The |o/hi of iyilem soeci{'k_ltioa ire ell•ally
quite aimilar to the |o_b o4"knowledle rep(_enUtdou
i_ork in ll'tKi¢ial ;ntellllel_. Tha, efora ;( ;4
iurVrilin I lhll lhere Ira similariliel in techniquei.

I_ntity-¢elalioriihi0 d;,Iralt tt_ bali,-'•|ly the same u
"lemanl_= networks" in Ai.*" and Iha _lity dictionary iS
Ilmi[ir to the AI conleo_ De"• "frllme'." Theze end
other A[ knowledle represeflll([on lelhnklull my be

inlr_uinllY e00llc_ble for o0mpl|¢sied We(era
s01clt'icalioa. "Fhhi also luUeSU lhe intriiiia I
lxiulbillt_ c_ davtlooinl • Io0hilticited "_0ecif',callon
lii/IteilC' P#itnl which directly "linderilincll" chilly
rehK;oashio IDe_iflc•tlons.

Oble_i Dlll-I_ow Dlilx'lllli

ERDI ih_w iii _ relaiionlhi0s belwe_n
different _ of enlitiel. They do not show the IL_
reht_oo._hiOs be_n s0e¢l(i¢ enliciei •( so•lit'it 0olnu

hi lima. nor how _ setup/rehii_h|0_ lhenla over
time. Ds_a f_w techniC•el, however. Dr_.ide exactly
Ihiil dy_mic view. T.dit[o|ud dam Now din|rams
(DFDs) ikow the trlo_; of data b_iw_n (._:fi<m•l

plot•lees. We will. insiesd, d;#¢rem the flow of data
between cbiec_ which represent IlOeC;/i¢ p•ril o( Iha
problem domain. Thhi t_lults in obieci dill-flow
I_lJ[rlnL_, (ODDs) for the dymlmi¢ view O( the
q>e,cificalion.

Far the I&e¢ifK'ation pha._, objectl ace no(
m_inl co Ix, sot't,.._u,t modules, bui to rel_resenl the

_-dyoimic v/ew o(o_1 at more eric;tint in the problem
domain. A ipe¢i/-i¢•tioa object el e(/'e_i_ly • stele
machine wh_h e_.epu i,_pul data. O¢ocesses it and
produces Ou_u¢ data, po_ibly modifyin| some internal
it•it data. It hu no"o0ereiioal" u such, oaly dsm

l'lowin| In and ouc [a lt_l t_iyl ODDs are similar tO
Buhr'l "cloud _iaeremS'o" thoulh ODDI are orlealecl
to_,ll_l1101¢il'lcatloll relhei Ulan clelilll.

To ¢olirult an ODD soe¢if',¢_ilon, one needs to
idenl_/'y dul ena_n cali¢_t ielvolvecl in dyaamk: pt_,_es.
II die cul oil"the ocbic slmubt(or eumvle. _te function
il to updaie the spsc_ndt Itaul _ resi_onse to

euvlroameal_t Corce_and thruiter f'urlnl_ under control
o/"U_e on-boerd ¢ompute¢. We thus sOe¢lfy •

DYNA_[h:3 _b_k_=_to m0_ai tbe ph_ka of" molloa o(
ths IOacsond't, • TRR_ _UbA.TOR object to
re_rta_i Use ru-lnll o( Ihrmlert end •a O8C
IEMUI[.ATOR obje_ to emuhlte the ooereiion o'f the on-

' boird ¢om0uler.

F_|ure 2 Iholrl Ule date I'_ow between thes_
lhre, object. Note thai nsch dsium ('_wlnl Oa in ODD
is kseif aa enGly. The en¢lly dk_ioury csn thus
oomo[etely re0/sle Ibe truditk_nsJ date dk:tloctary.

cl_ shell eniiliel, such _ "thruller ste(ul" end

"08_ teicmeiry', rosy luilly not be iden¢i('i_d until the
d,/_tam_ view is c_lklared. Thus till eniily dlctlofl•ry

wW moll likely _fllinue IO |_w end be rel'_ned •s the
ODD i0ecificalioli tl constructed.

la ODD 10_t(ici(ion must include • detailed
sOe¢_r'l¢_l;on (of each object which 101_ll'l Oelin ODD.
All object Io_:if'g'aiion llrovidll • llillme'lll_'Qlr lhe
peabtem domain •bst,-Icl_on reOresenced by an object.
It should include • teltuel dcscr;O¢/on o_ Ihe objecl as
well u • Iislln I of ill inDull Ind nuiputi. The o_iect
II_;(_it_n ilso 0¢ovlde$ • plice IO ;n¢lude "non-
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FIGURE 2 0<_¢ G/muletor Ob[_ 0tte-ftow
0J-gram

fuact_OmL[* requlremenu such u t|min¢ and accuracy
consents.

1"_ object mpecL,qcadonm*,,t _ detail the
fuactio- of U_ Obj, ct. TI_ ¢oakl be ia the fccm o(
structured_ • m trust|ion diacnun o¢rome
a_r _ motack__ u di(fcmm_
equationsfro"the evolution of *,, "orb;(stale'. The
function of sa obje_ can ate be liven by a lower level

ODD. D_comVmit_m eta _otia_ feo_nlvcly oa a/l

ODDs ,moil all objects lul_ been decom_,,cl into

primitive _ sad _mces. This resutu ian

k,,,diq _" ODDs mlmlhur to the levellq m" trmditlo,,-I

DFDI. Howt,._f, _ DFD_ _ch obj_'¢t •t t'_h level

el" all ODD q_cil"_tJoa _ • complete object

W_.ir, cadoa. Each obje_ shouM also te0tes_m •

lood pmb_m domain abSUl_ion indel)endently e(" Jam
dt_oe_ositlea.

Am ODD k a _.ir'_tion teal _wh_I data flow

r_th_r _ m4"tw_u_ _oatrol stru_uri_l. _w_r.
contm_ issues Cia _'t_ily be included oa u ODD

vdsen absolu_iy a4_eu•ry. I._trlet arm_ without

circles oa their tails iadica_ _ from o_ object to

another. An ODD _e¢il"_mtioa should include the

minimum latch *COOtrOI flow" absolutely i_.cessary to

sl_cify a syltem. With thk added aeumtion, ODDs are

effectively the .me M Oue (unnp_,mtated) =proceu

lflOhS= u_N:l in PAMELA (Ira). *u

A ayi(¢m f4Pw.'cif'K:ation de_rib_ what s syItem

PAMELA is • trademark on"Gentle W. Cherry.

shoot,pin Terms o( the problem domain. The main

u,ak o( de_icn is then to imoose t control structure on

the IyItem function to allow software iml_lemenlalion.

In obiect-oriented design the unit of mO_ularily ;.1 Ihe

object, this time considered in the usual sense oft

peckalcs o1" data and Of>era(ions on (hat dlta. 4°13

Ideally. the obje_ in the desi|n should directly Tel'leer

the ob_.cu in the specification. However. various

des/Caconsiderationsmay requirecer_in wecir,cation
ot)jeeu to be ¢rouped tolether or s4_t a0arl to
coaalruet desi¢n objects. Far, her, there will almost

always be additional objecu in the desien to handle

°exeCulive" and "utility" functiont.

D_ianina with O}i¢cts

The intent of an object is to repreteflt I problem

domain entity. The taproot of _ de*L, with

how aa 9bisect presenu thls rearesenutCioo to Other

objects.*"'" During specification we d_tl with objecu
with hilh abslntetion. Close to the p¢oblem domain. In

de_iln , however, there is t sOectrum Of atntractlon.

from objecu which closely model prob£em domain

entiliol to obiecuI which really have no reason for

existence. 23"24 The followin I are some patna in this

scale, from best to wor_c

- An object repre_nc.1 a useful model

o( a problem domain entity,

Action Abstraction - An object provide4 a leneralized

set of op<rations which all perform the lame kind Of
function.

Virtual Machine Abstraction - An object ¢roul_ together

o0efatioo4 which ate all used by some superior level of

conttel o¢ rill m some junior level set of operations.

Coincidental *,&b_trlletioo" - An obj_'t I_tckal_ • I_t o(
oc)e.tioa_ whi_ have ae relation to each other.

The strOnler the abstraction of K object, the more .

deta/b are suppte_umd by the al_tnmct eoecel_.

The pria¢ipte of information h;dinl tltle_ that+ tqch

deta_ h, should I_1 kept Secret from OUu_r objects, 4"1y

so u to better preserve the abs_ modeled by the
ob?e_L

The principles of abstraction and info_natloa

hidin¢ provide the main |uides for treaties "good"

object4. These objecu must _heo be _onected

together to form In obj_t.'_l-or_oted desiea. In ¢0¢(rUl

to the _ta Now_o_tacion of ODDs. our nb ;oct dlaaram
d_liln nouItiOo 2j-2 shov_l control fiow aM moduk

del_ede_ies between objec_. Th_ u)ftw_re struc_re
must, however, p¢_tefve the f4)e¢ified fun_io_ end

aoce411113, dill flow. thnulh the actual data #'low _mtl_

may be altered.

Delian Hierarchie_

The trn'ntition from ODD soe¢ifiomtion to object

- d_;,lf#ms is mediated by consideration of two

orlholomd hifnrcJlies in so(tware ay_tlm de#lEns. 22

The composition hierarchy deals with the coalition

Of Utrcer objccta from smaller eom0oneflt objects. The

lf.J],LQ,f._d_ hierarchy deals with the orlafli?..atiofl of I set

-o
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The _c;ot Idm_y it 4;_c_y ,xoc_s6d
by sevet;,_ _Ject dkcgtma (t,e rtCuct 3), aimiitr W the
tevefiai o¢ OO[_ At hi m levd, any comOtece v/stem

my be _¢¢_mt,d by • t;ntk object which ;Acerugu
with _ Bcqiiaaht( at thls system Jev¢l,

¢,tc:b ob_att MR tit be m"mGd law mmOomm¢ ohjetU
¢m• tower livid object di_Sntm, de•lined to meGt the
t0ecLr_ for ¢_ object. The mutt it • t¢_¢1 _ ¢4"

Ktvctu_o/'a v_ua. Atdu_kn_i._jectlin
cow0_ly cleeoelm, ed i*m _ such w

p¢_00_ qtaKI_ S(aN ,c-cata(OfqS. At b_her

k_., _jctt d_tntm k_t_ _ _¢ m¢4 in • mao_r
dmltu to Booth's '_b_/s¢_,"

]
3

Tl_ mkx_/I_y it eWce._d by _
_k_y o(cou, c_io_ _ • d_Ck ob}ect d;q_r*m
(m t_ur_ 4L _ _m_ _ _i,cu tad;m(_ duK

by a,_thtr objsgl. Aay _,rer hi • sttt;oflty hitriechy
cu cadl oa lay cm¢_6oct ia j,a,,_ htycr_ b_¢ _ •ay
oocrur_oa hi • seai_r hty_r. Thus, 8 fl c,F:Sk:

tttt6mtsh_ b,¢we_ ob_'u mm¢ be ¢onulned within
• vlrtuml machhut I*)_r. Objec_ d_lrtm_ •re d_we

witditd_ _alO¢i_ hitrtrthy th_w_ v_rti_Uy. Eac:k
_i_r object _ be _lmd u if the oOtrm6¢,-

_ro_;Idtd by jva_o¢ 8ay_n _ "wlmitiv( o0¢rt(iom;" ia

H exuw, ded knluqe. F.ac_ _r_u_d mschioe _._r wil.I
le•¢mlJy (:onuS• _v_nd _bjtgts. ¢._lt designed
ac¢o(din( to the pf;n¢iOk_ o( ibstt_'t;_¢_ |¢a<f
information hidint.

4-23
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F'tGURE 4 i_aiar_y Hk_rorthy

_ilnlnl Systems

The 8t_a adwtnut(e of • _eaiofity Ideruchy is
tl_tt it rcdu¢¢_ the co_lln¢ between objecu. This it
b.etm4_ adl ob_¢cs hi one vinuaJ machiM la_.4r a_ed to
kao_ a_¢hin t •bo_c _n_¢ hyer_. Further.
ceaUlLizadoa of" the procedund tad cttct t'3ow,_4sc_l in

ud modlgy.

Howe_r. dds very _-,u'_n am _m,e •

mew/bec_-k,. M a,c_ c_e_. _ comoledry
_ufior kv,,t- tu be trtded _f t(ti_t the oo_timt d
j_ Icv_bL TI_ im_rmat poi•t ia that the Itt_.lmtth ¢_
th4 i_mJodty IdeClz_hy h t ci_u caa bs cboE4_ f_ t
,n_rum _( ponibUi¢les, wick C_ but Ck_ga im_mdly
Iy/_tll berwe4a die extt%.ma. _ g/v_ t/_ clarinet
Ilml il_ _ fllxiblilly i_l Idl_¢ial I,#Itmu ,_i¢,,,

Pugtt_ 5 _m_vu eae tm_ib_ ilia for the
ORBIT,_MULA'J['OIR.. Note thee. by goa_atio_ th4

libeled "RUIq" il the illkhd in,_tlml t( _ tntict

Item. la trtasidoMt dedla dltlrtms I I f'tgm
$, i( it I_ltllttlmtl ¢:oavtnknt so show whet data fle,ml

atoP41 tetttia ¢o_|rol ermvn, much_ia the numaer ¢4'
luuctvre Chat1.•" Or _uhr c_lrts". These innots_As
will ao( aOO_tr aa the fi,,-I object de, trims.

In ('qlure $. the junior k_l c_moo_u do no¢
iac_nict directly. AU dacA t'k_w b_tw_4• jqni_r le_4
objects Inuit piss thro4Jih the Jets;o¢ object, thO_llh

_lij_ liiltt receiver tad pmSi_ tit llli_il"lt<l
d_l {f_'i_mOl_:liy _ ill dl(I flow k I_,o,_ i Cq;u¢c _).
Tlltl dtlign it•ore•w-hat llke ee et_¢,¢t-o¢itnted veriest

_ Illtt_ d•lilns OC Yourdo_ end
Con|tinil he.""

%
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FtQURE 7 Orbif, Eirnutet_r -- O_=entt'_(ized OQ4(_I_

Wql _ l'_mQv_ _he d_t,s (]ow court,o| fr'om the

mea_)¢ob,_.n:t ".'d kt the junior obj_ pus d-,. "
diract|y befwe_a themselves, tLtin| OOenttion.t wizh;n

O¢tefl 14mli(e¢ -- C4ntrm||zed O44|gfl |he 'v_u_ I[I,;.M Ut_¢ (m ('t(U(_l; _). 'T_,e _f_iOf
object lutS been reduced to simpiy Ictivetin| vIrious L_oo,enU_tU in the vlrtmtl machine layer, with very little
dt_t t'_w.

We c_n ev_a _emo_ the senior obj_-ll r
cemC_tely by dis_zibmiai coa_po( tenor the junk,- level L
objects (see I"qu_e ?). The mtiztiat e£ the RUN central

_"_.wtUKI _ tad th_¢ _ tun eeec'un'enOv,

The _zio_ity hienu_hy k.. celiemed, k_vial •
o¢ 6oa-hJenu_:hJ_d desiIn_ (no

ki4fll&_ty, thai _; t_4 _Q_t_i_t hletntt_hy s_ll
ecMmuum _' r_ati,,,).

, des_n ,h;ch h decea(xllLted fihe fiCUne I ,( eft [o_ea / _. _ comO_0a lcveh is very eimi_r to wilt _,_be

it duI4uid b4 _(_ible to 8_ly PAMELA d¢'_iln¢ri(er:-
- tO the upp,er kt_eh o_ an ob_ dlelram I_utd deslt_

44"• hillhly ¢oatUtll'tn( ayT(41:nLAll concurrent objects

wo_d that be ¢omo4sed, St t terutia _5:,vel.04"objectz
r_fes_t(ini terM;a prt_-a_l "id;4_ts'." Gek)w lh_l
level _¢urre6Cy v_uld Ieurelly no _eler be
_v_¢ICe_I.

_TLLT_I i

• i_ _/I _ chtat fio_vin¢ _t -n ODD. No_ ill these entitles ,,re m

I ---,o '--ll I¢'_e_ly at _ hilh I k'_l _ eb,zcr_*tlon (4 be directly

I o_A.pt.ow 4--4, V r_'e_uted by hesk data s_ru¢1ur_. Ther_tora we I"
I _ _--" ,_ to add • vlrttmi mKhlwe _-y_r _4" obje_tl |o _

eb_t_tioa o{ the_ ¢.'obtem donutin entities In ¢h¢

r-4GUflE- 4 Orbit I(m_ie(e¢ w_h _(re_(xed ie_?Ju_eVECTOR, MATRIX. GROUND COMMAHO .rid r

Oe(e Flow llmula(;_u PARAMETER _yr,e_. Filure I th_ws h_,w Lthes_ ob_,'cu mith¢ be added to the limula¢or desitr_ otr
Fi(ur¢ 6.

[

[
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FIGURE g OcGfI $1mulatG¢ Ocelgn

Figune S lives o_ complete level of the design

o[ the ORBIT SIMTjLAT()R. Note that figure | doe1 up(

iaclode the data flow arrows used ia earlier figures.

When thc.rt _ sevend control palhs oaa comolicated

object dlqram, _ nmidly becomes cumbenome m

show data _ Instead, nbiect d_crjDcion_ for each

object oa m diagram pmvi4e details oC the data flow.

Aa object dascrlodou _¢lodes a list of all

ooerztioml O_vld_ by 8n obje¢_ and. for each oro_v
kavia¢ th4 object, a tin oi" o_rllio_ _/'ram

ano_ object. We can idcoti/'y th4 ooeea6oas

provided end sued by _,=1= object [= terms _" d_
_.ciC, ed data flow and the desilasd coatro( flow. The

object descriO_o csn be _roduced by "m'¢ching da_

fla_,_ so _ratioas. For eumple, the ck_:ri_ioa for

Ibe DYNAMICS: ob_ milhl be:

Provide:

lai(iallxe0

lntelr_te (TIME INTERVAL)

Apl_y Theust (THRUSTER FORCE)

Current Stage O ORBIT STATE

Use_c

$.0 LINEAR ALGEBRA

Vector Add

Dot Product

Scalar Multiply

I_ltrix Multiply

6.0 PARAMETER DATABASE 1 "

_t Dyrmmi<3 Putamete_l

4-25

D*ta in _lrenthes_l are argumentl wh_h ('Low

th_ control arrow_, while unparenthesised data are

resulu which ere returned.

Foe objects with s_:if_tions ,rid lower level

ODDs, we can recursively co_struCt lo_¢ level object

diagrams. These lower level designs must. however,

both meet the functionality of the s_cil-_tion ,rid

provide the ol_ralions listed in the obj_'ct description.

SOc_ design objecu, however, will not have object

IpecU'_l(_ona. Abll_lCt data type objects _ln have

tlmir desiln based on the struetu/e of the antilles they

reoresent. For "executive" object_ like SIMULATION

.SCHEDULER it may be worth creating a soe¢ification for

it before proceeding with design is above. In all cases,

the design proce_ continues recursivel¥ until Ihe entire
gratification has boen covered by the design and all

objeCtS are completely decomoosed.

lmnlementatlnn

The transition from an object diagram to Ada is

straightforward. The'relatiooship between object

diagram notations and Ads language featur_ _.

Obie_ Diaaram

Obje_ hCkale

Procedure Subprogram

State Packale/ta_k variables

ArrOW Subprogram/entry call

ACtOr Entries/Accepu (not

covered in thh 0a0er)

Package soecifications _ derived from the llst

of oocntions ¢rnvided by an object. For the

DYNAMIC_ object from the hut _tlon the _acUle

spocif, cacioa i_

p_k#te Dynamic= Is

(Yl_ ORBIT STATE I,
record

Position : Linear Algebra.vECTOR;

Velocity : Linear_Algebra.VEcTOR:

4114[ _COr¢_

p_¢edvre Initialise;

prq_:edure l_el_te

( For Our;'tion : lu DURATION );

life.lure Al_ly Thrust

( Fo_..e : In Linear_Algebra.VEcTOR );
fvuctl_n Current Slate

relu¢ll ORBIT 5"TATE:

end Dynamics:

The I_ckage soecifications derived from the too

level oUjecr dlalllm fin eicker be made libra_ units or

placed in the declarative oar_ of the top level Ads

_ro¢_Klura. For iowor level object diagrams Ihe

mapPinl b lamaist, with component oackage

s(x,¢ifi¢l(ioml beinl nested in the I:,lekale body of the

composite object. States ate mapped into package

body variables. This direct mapping produces • highly

n_led program Ilrucru_e. Alternatively. some or •11 of

then packages can be made library units or even

reused from,_ exislin I library. However. this may

jequire sl;L0itio_ll packages to COntain data ty_s and
Stale variables used by two or more library units.

-I



"_, _rocm _" Inms{ormin| object d:-¢mml in

A_ is Call_ _ ILl t_ abj_'_ dilorlm levels until

we _ tht krvll Of imllliimin(iall indlviduni

jubprolrliil, l_iw-li_l subllli_ilriml _ be

dtlllned _ hliptimsnlld lille I Iridliionll functionei

lechniqillii. They Ihoukt llenenllly be coded is
subuaiCs. Iliillr thin biinl embedded in pickett

bodies.

Tke clur clerin;clon of Ibsirlci incerfeces in in

ebiict-.oritnitd dtiiln aa _ lr(_llly Iimpllfy ttllia I.

Whtn ltsti•l in ohjt_ ihtrt ii • will delintd _illull

michill" 01"OOelli _1 rtilulrll from objectl II •

j_inio( kvil n_ •bllrl_i_, lome Ol v wh_.h my he

siubbe@._ut rot iniitil leslinl. Furthlr. obieot.-0rlenied

comDolilion em:_unllel iaorementll inteonltioa

ICttilllo sin@ _ "linii ttttin¢" O( • ¢ompollte object

really co.sisal o{ *inte|_tio• tesiin|* the component

obj_-'i,.I it • lower klll o( ll_trlotion.

Reulibl||ly

Sofiwlxe rtulablliiy ;t one of the hiller drlverl
for the de_loomeet o( tl_ Ado 01_oirlmmi•¢ linen•go.

A(lll ftlliui'_l lUCk iS llel_ri¢ plokilis ire u._rul

I_ but _uilull* fcitui_ _ not iurl"l¢i_nt to

IUlllOtel ll_lh llltll g Io(lwul rIule. 11'Ull _I IlIO

• ceded is ta tnnmJch to Ipe¢i[ylnl ind dl.'lilninl

reuslbll ¢_mponlmi. Tllis set•ion iho_rl how our

method suPi_Irll |uoh •n •OOroloh. end olin pl-4_l_nti

in exlmlkl of how lee•riO plolrlm Inlti ¢ln be g
i0 Ibt ¢ontcit Of _ method.

S_twlir_ Irtuiibility il still moil of • r_

I_li _ _ _ ootl¢tilii dull luOpori • hlth

level c_ rive. TI_ _r_'l ,,*, -,, ob]tot.-odenmd

ud m pmvldl <io¢io_olllioo ll_c il _ lit{el lad

I_lIJllbll. _ el by Io me4m I _lnpllil lllt o41"

lkvll_ r_¢io_l, b_i QIr ill_¢ieo¢_s itl dtvil_oinl flllh¢

dymm_l ml'tv,l-i hive Om_Io lileir uliliry.

Ob|e¢l-_rie_ted An_rolch

Udn114 o_ je¢l..,_rlented IO_ il uil_ui
beoxus_ objeot.,-orieoted 4¢siln is _nti_ for ret_

tmi be_mis I_ _mS_rlybll om_:e_l lai. _ 4mmmoa

ekmeau Ulc Iri in_<.'u•t

-- D_c_ _txl_ tad inrormilloa hldinl
-- 1.,4viii II e vil_mil -,mohin4_

l_'m120 dlsoull_i II_ im_irlinoe of

• l:,l-tnic_a, iafonaitloo kldhlli. _ vlaull nlicMne

_,_ll _l mlk_ll Iofl_l_ elller In rtm_. Cox stlowl

the lmlx:lrbuici Of hlheril•nce by r.Qmtllrinli tl_ ltIt Of

the Smell¢lik navel•meat (40,000 I;nli) and me

8_rkllcy Unlx tnvil_nl_nt (i(X),000 Iintl). whorl the

foK¢lltrtaviroaalent rel_,d lteevily on inlwrlllnoe In
p<ooirte rlulibillly. I/ .

" A_ OInn_ lu0_rt inherlllnce is etsily u

Sm_ltilk, bit clo. limulite it IhrOUltl the use Or the

comoo_ii_a hierlrchy. We will conlinue (he Mm_

orbi_ _'oblem to show the simulation or inherltence •rid

tO Ih,_w how Aria leneri_l •in be uled in Ihe conlezt of

obj_'i-oi'_n(_ desiln"

I• tel object dlllrlm for the Orbit Ilmull(;on

lyltem ({iluli I) thl obj_:i LINEAR ALGEitR._ il •i the
lowtit virlull mlchine llvel. It providel in eztended

llnlUile dllt ill_wi tht d_vi_i_n or oiiji¢iz luch is

DYiqAMI_ Io write c_e In learns or linei¢ IIl¢brl

_t_)m, rather thin ia _rmi •( •rrlyl •nd Io_iis. A

non*le•erk Ad• lib_it_ oeckice cln ierve this

pil_, but impltmenlinll • leneric l_l'ovldel the

lidvl•(•l• o(" c_nt¢ollla I rloetinl point ICOui1¢y.

Alloi.ll_ reu_o In mike • ¢_¢k_le lee_er_: il to

II th4 IllnllllliOn O( inhtriil•¢•. We will derrl_aitnue

by buiidlll I the Dynemk:l p•ckille irou•d •

I¢Ott_ ounlil_: intelrllOr with the folklwlnl

lelertc

type REAL Is dllll_ <>;

t).pe STATI__VEC'TOR I_

• tray (INTEGER r--le o) o( REAL;

with fuectlos Stlie I_rivltive
( T : DURATION: -- from reference lime

X : STA'I'Ic VECI'TOR )

reliru _'AT_ VECTOR4

piikile Ginlri¢_[nle|r•lo¢ Ii

irlcedvei lnteltlte

( For Duration : Is DURATION );
(uscdoe Currlnt Suite

litvm ST^TI___£CTO_

pri¢tduri [•itialii_ _.;

on4 Genir_:_Inielrlmr,

"rhii pnoklle provldis the IhlliP# !o humeri:lily

initlrlil • v_O¢ di(relinlill t_lnllion with in irbilrlfy

liCl + i _ lnillrlll li_cldurl an be

ioi_Icwol_i u • _ i<lwlt_la+ m u • let oC

io<:livldliil +-vii+ ruocfiom. To imokment l( is •

iiilllt v_ i_uili_n wt till n_ the ol)_rllt;onl

Orov_led by i_lokale Linelr Allebni. Tll¢le
oliei•ci_m ,.,,n be in_rporsled in two wlyl. One

ll_llibilily _l to mike tl_ opei_iti¢lu needed into

• leolri¢ r_mi l)ililnilel_ Aimthtr is In imli•ti-le

Linlll All¢brl wlUIin die iolelrltor itleff.

_lbod luu Mvulal_ _d dr_wli.ck,_ Usial lea+rlc

rorm,J ml_ollnim_ -nl_a<:_l _em_l_ility by making

component I¢lf-conmllied, but if coo may are
ll_ inllrt'l¢t b_'¢om_ ooml_lei, lmiantllcln|

I_ Allobrl within the _mii¢_lntelrlto¢ mlkel •
okil_.r inner,eel, but couDi_l the Ion•rio _eokile In

ll_lher Iibrlry unil. The pilot project teem / used

bolh melhods. Fi|ure 9 shows how ihe obj_

hile|rltor_Line•r_Allebrl is thl instantllt_l of •
lener_ picklE•.

Filuri 10 showl the comooiii_n or the ....

OY_^_I.<:_ obil_-l. Orblt_Intelrl_oi il t_l iat_|id_a _ - -

i_ lenlri¢ Dl_kile dlloulled •hevt. The Inherit

plcklle il imllntiii_d wlih Ol'bii_E_ulllon u Ih_ -- ._ , _,_
• _llll I_lriltl corresl_ndi_l tO the refill

Oili"Imeler (uncilon Sial• Derlvelive. The ocilrltioni

"la_tilllt_" ind "AOOIy "l_--cls(" ire simile in flint• 10 is

cQIlli_rl_nl llrocedUlel, reDrel_flted b_ ¢¢_lnll_l.
_h_r Dynimia ot_nllioni Ire "Current Slit•" ind

"thin|file." T_eK Ol_tliiOfll Itl _ (lOre Ihe %

Orbll_lntelretor object.
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S_dltalk's subchL_inll ] provides an elelgtn(

metn oC 8uOportinll inheritance. Adt dots not directly

support inhedcanee, but the cOnceDe an be timu_tcd

by u$inl "clt||*¢heouIhs. ° A clll*(l_i, oulgh is •

subDrognLm that hu lilfle funclioo other 1hen (o _ll on

iv, other Dtcksge's suborolrlm.

TO simublee inheriUlnce whet_ implementin| Ihe

Dy_m;_ pe,ct_le the mbprotr_ms InteStine end

Current ._as_ _m_ould b, re_pociUted in the Dynlmics
ptckige, with ¢he lubOrotrtm bod_J in Dyntmics

ailing on the cafrespo_lin¢ op*rttioo_ in

(_bit_lntelrasor. The adl-chrou|h for C-trent_St•to
would etso hive (O Ulke care Of coovertial the lower-

level di_ type "STATE VI_CTOR" returned by the

|ocel[rstor to the hillhet=k_vel tyl_e *ORBIT STATE'.

This teehQ_ue is ¢lettty _ elelant then

5msll_lk sub¢las_in|, but it -Iso has ed,_ott|_.

Fine, ^_, el|owe ioheti,,n_ from more than one object.

.%-¢o_d|y, Sm•lludk foro¢s the inheritance of L_

oOeritiO_ end d_ts. An oDerttion am be ovcrriddec|,

but not rem4ved, fro_ • ¢ll.u. The Ad• IOeCil"_:utio'_of

the composite pc_:ksle llV_ the devtto_r prec_

coe(roi over which o0_r_tiaas •rid data itenu •re visib_

or _couibk_. In the Dy_mi_ eumvle the o_r_¢ioes

"lntelrtte" end "_umnt .State" ire inherited by
Dyntmlcs, but *Inld,liz_" _1 ,_o(.

Reuse Acro_ /he Life-CYcle

Reus_ Icrou the li_cy¢le i_ • ¢once0t
_romotcd in both rete_u-¢h" _,,d production

¢nvb'onments. Tmhihe ¢l_m._ d_t O_e life cycle

t_roKh _ ia _;r pt_'¢m flctory yleld_ 1_
percent _oftw_r_ rouen '_. The key m Tmhib*'l model

is thee the life cycle is r_VR_nted u * _ri_ of

u_atformetio_ from • user eeed _o the f]n_l product,

thin ore_rv|nl trate_bility. "_he finel softwzrc is rode

more ¢en_r_! (end thuz reu.-ble), then the _l_,ciT_c_t;on

is rewrltlen into • "g_re_nt|t;on" that ;s conslslent with

the lenertlized code. These pre_en(at;ons ere used

when new system requiremeoU ire being developed.

Our method c_o be used to suot_ort • model

such as Tc_hihe's, becouse ohjecu c_a be trtced from

the ODDs to object dlalr_ms _o Ad_ code. Tmhiba's
concepts treed to be ret_ned to thai I Sinlk

requirement (el., "intelr_te ort_it _utt_on') ale, be

mapg_ed into sover_l implementations (e I. different

numer_=_ intelgrtciOn tllorithms). Another drtwbl_k O(

the Toshiba model is that it is not destined to heedl( •

wide "_lri¢ly of problem dQfl_lins. We tddress this by

_Mlvlng I_om foe et)pli¢_ttioo-de_nden¢ no_tt;ons in the

object _Oeciflcttlon. and by providing the two
orthOgonal design h_nlrehi_.

The lO_cif'K_tion ,,nd design doeumenu must be

m•inulned nlon¢ wlth the code. The_e documenu

@my•de the tr*ce,,t_ility thtt it needed foe tot'(wife

reu_. Our oilo¢ l)roF'c_ te_m has found that the volume

o(" doeumentat_n get_tlted metes it heed to keeo the

desiltt notebook COnSistent with the source code.

_ddin¢ • soecif;¢at;on notebook will compound th;_,

o¢oblem. The solulion ;S tO ms;main as much

infoemtliOn _LSpossible on l computer, snd tO extend

*rathe use 01" conftgufaoOn COnl¢Ol $Of|v_|fe tO the

Ip¢c;fica(ion ahd des;go

L
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AaOthe¢ C_ta¢ in _usi_¢ toCtvntr_ is bow tke
dotumenCafioe sl_ul_ be _ by develoOers
when there is a _rle libnu'y of re_abie ¢oml_nenU.
The similaHW betw_a Ihe entity dicdonar/end ^!

kaowledle repf_._enuuiom ante.rite1 the bel_t" th,_
eat>era tyl(emx m_y ulcim4teJy Vlay • role. However,
mote ¢oeven¢iofl_l library tooh Mv_ the mdvlnmle o(

no( b¢in| tied tO the devei_Omeat method used.

lnterme|rk:_ hss been doinc re_elfch into such
sy_tea_t° by dev_k_o{nl a 9rototyl>e Aria Sof(w_tre
Cacalo¢ (ASCAT).

T_ technklues described in chb _tt>er haw
evoiv_l Ceom _ur eg_:ricqtce with _ Adl _¢_j_-el aeKI
oh4 Modula-2 vmject ie .ddi(io_ to the orillui pilor
pro._:_. As o( th;- wri(iu¢ tJI ttu_e ocojccts _e in the
tam staee_ of develoomeac. The rest>on.urnm the
ob,_:t.-ori_,,tod to0¢osch lu_ ee_etl.Uy beeu quite
fevorabl4,am U_e _ techniduel June unde_tood.

As them prejecu au_ ¢emokqed, we p[en to use
tim aubstaatit/nmoual of ,¢-,! brine lathered to belie
m qmmtify th_ productivity ofe_r methods. All the
systems wiU be used in t¢tuaJ o_erttion.al

env_ronmenu, tllowiel _L__ tnudy their reliab;lity In</
main mieutbility.

The trudi6onti £un¢tioeal vlewOOin( _rovide_ •
comveehe_slve framework for _he their _ftwlre tire-
cycle. Th;_ vie_,q>oia¢ re{'le_u U_tea¢_n--er_ented nature
of ttm machim_ on which to(aware is r_n. As we have

di._U/.upd he_, t_ objec_._ri_n_'d sOOth ota arm
provide a oomp_ehemive view ¢4"the fife--¢yc_. The
ohje<_-_eieutod viewo_iat,Im_ev_, Rfleeu tim atcm,_
su-ucr, me o( the problem domain _th_r than tM imOllci¢

lever mOVrow.h to m(rmwe ekvek_meat which
Out dlmta¢, be_,ma _'oble_ <MmLin ted

toftwave solutla,, By makinl OomOleg tof_,_m e,mler
_.o u_let,iat_l, _hh simvliCie_ both the system
development and ma.lntemte_c_. This is the |oeJ od"our
le_nd objeet-4x_ented Achl li(e_ycle.
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